Introduction 1 (Lazio Region
into 70-80 rainy days/year). Rainfall occurs mainly during the winter (sometimes as 10 snow at high altitudes; average temperature 5-7 °C). In spring and autumn the 11 availability of water is guaranteed by winter stocks and rainfall (moderate and frequent). of the ecoregion as prone to hydro-geological risks, while 27% of the ecoregion is a 19 protected area according to the "Rete Natura 2000 programme". 20
Methods used for analyzing the landscape 22 23
The applied methodology was based on the combination of GIS photo-interpretation on 24 high-resolution aerial-photographs (1 m pixel -1 ) with cartographic analysis and 1 fieldwork. For the study, all data were directly collected by photo-interpreting a series 2 of high quality images (obtained for the whole of Italian territory for the year 2000). 3
The landscape structure was assessed by studying the ecomosaic composed of landscape 4 elements or patches (Forman 1995a) which is hierarchically nested so that the ecoregion at the roughest scale is composed of 11 two smaller ownership sub-systems (private vs public lands), each with the above 12 mentioned landscape complexes (Fig. 2) . 13
All information was put into a database (number, area, perimeter of patches and length 14 of linear elements) in order to select a core set of indexes and indicators suitable for 15 evaluating both biodiversity and sustainability (Tab. 1). 16 17
Statistical analysis 18 19
The standard errors were calculated for mean patch size (MPS) and mean patch ecotone 20 (MPE) on all land use classes. This information (which represents the standard 21 deviation of the sampling) enables us to assess the statistical uncertainty of the various 22 means, considering the ecoregion of this study as a representative sample of the 23 landscape in Central Italy. The analysis of variance was performed on the diversity in 24 terms of abundance (H´) as indicated by Magurran (1988) in order to evaluate the 1 differences between public and private land areas. According to Magurran (1988) 
where p i is the proportional abundance of the i th vegetated landscape complex, S is the 5 total number of vegetated landscape complexes in the ecoregion under study. p i is 6 estimated as n i /N, where n i is the number of patches in the i th vegetated landscape 7 complex, N is the total number of patches, and ln is the natural logarithm 8
To test the null hypothesis on two Shannon diversity indices, the associated formula for 9 calculating the t-statistic (t) for the t-test is: 10
where and are the respective diversities of the two sites compared. The formula 12 for calculating the degree of freedom (df) is: 13
To reject the null hypothesis ( )
Habitat fragmentation concerns both habitat loss and spatial patterns of the residual 2 fragments of habitat (Fahrig, 1997; Fahrig, 2003) . The basic metrics (number, area, 3 length) concerning the types of patches and the linear elements of the ecoregion are 4 reported in table 2. One of the meaningful indicators of habitat fragmentation is the ratio 5 between the total area of the patches and their total number (i.e. mean patch size) ( Tab.  6 3). Habitat fragmentation differs greatly with both elevation and ownership regime. In 7 general the degree of habitat fragmentation decreases with elevation, but more 8 consistently under the public ownership regime as shown by the relative values of MPS 9 which are 0.53 ha (low-land), 4.01 ha (hill) and 8.95 ha (mountain) in public lands and 10 2.54 ha (low-land), 2.12 ha (hill) and 3.76 ha (mountain) in private lands. This also 11 means that the native landscape habitat or biotope (wood habitat) is more preserved in 12 mountain public areas and less in low-land private areas. In biodiversity strategies, the 13 role of the wood patches is fundamental also considering that the preservation and 14 towards a pastoral / agrarian landscape pattern, which still exists today. Indeed, the 12 grassland patches are the second most widespread landscape element in mountain areas 13 and they cover 22.8%, decreasing to 8.8% and 4.1% in the hilly and low-land areas, 14 respectively (Tab. 2). In the mountain areas, the public grassland area / private grassland 15 area ratio is 2.0 and the mean grassland patch areas are 6.44 and 3.48 ha in the public 16 and private ownership regime, respectively (Tab. 3). 17
If we consider the amount of arable land habitat, as a cumulated area of HC and TC 18 patches, it shows an opposite pattern compared to wood and grassland patches. The 19 highest proportion of arable land (86.5%) is in the low-land areas, while it decreases to 20 23.4 and 1.0% in the hilly and mountain areas, respectively (Tab. 2). The arable land 21 habitat is generally found private ownership, where it is always more than 96% in both 22 low-land and hill areas. The mean patch size of both HC and TC differs greatly with 23 elevation and ownership, but the highest values were recorded in the private land: 6.97ha for HC in the low-land areas and 2.32 ha for TC in the hilly areas. 1
The landscape element SG can be regarded as an indicator of recent agricultural 2 abandonment due to agricultural intensification focused on more accessible higher 3 quality land (typically closer to the farm-holding and sometimes characterized by the 4 misuse of fertilizers, pesticides and herbicides producing negative environmental 5 impacts, McDonald et al., 2000) . The SG is the third most widespread landscape 6 element in the mountain areas, where it covers 16.2% of the land, while it decreases to 7 10.7 and 2.5% in the hilly and low-land areas, respectively (Tab. 2). Its mean patch size 8 is around 3.0 ha in mountain areas and 2.0 ha in hilly areas, both in private and public 9 lands (Tab. 3). 10
The landscape element B, shows the intensity of human settlement. B patches are 11 generally found in private lands while they are sporadic in all elevation classes (2.2, 1.1, 12 and 0.04% in low-land, hilly, and mountain areas, respectively). However it is much 13 more consistent in terms of number of patches (52.7, 27.9 and 8.2 % in low-land, hilly 14 and mountain areas, respectively) (Tab. The total length of the flowing waters (FW) of the ecoregion is about 90 km mainly 1 located in the low-land areas -FWD is 12.6, 7.7 and 1.7 m ha -1 in low-land, hilly and 2 mountain areas, respectively -where the land was intensively reclaimed about 70 years 3 ago. 4
The general pattern of habitat fragmentation shows the relationship between 5 sustainability and the multiple driving forces of the more recent land-use changes. 6
Within a local context such as the study area the topographical conditions are 7 determinant for shaping human activity systems. The concentration of human 8 population and related activities such as agriculture are mainly carried out in low-land 9 areas. At these altitudes mobility is relatively easier to promote and natural resources 10 are more concentrated in terms of deeper and more fertile soils, more available water, 11 and more biomass productivity, the latter is also a consequence of slight physical 12 constraints, such as severe temperatures. As a result, habitat fragmentation is a more 13 pronounced phenomenon at lower levels of elevation, while natural habitat and 14 ecological integrity is better preserved at higher elevation. There is a paramount 15 ecological meaning for preserving natural vegetation at higher elevation -such as that 16 provided by woods -because natural vegetation promotes a balance in the hydrologic 17 cycle reducing runoff and soil erosion, and increasing water infiltration and plant 18 productivity. The balance of the hydrologic cycle is the first condition necessary for 19 ensuring land sustainability at catchment level. In this case study, the ownership regime 20 reveals itself as a powerful driver for maintaining the original habitat such as woods in 21 the more fragile zones, i.e. in mountain areas. Ever since medieval times, established 22 local community institution, called "Università Agrarie", have been active in managing 23 wood habitat as a renewable resource, through appropriate limitations to times andmethods for cutting and harvesting timber and firewood. The demand of wood habitat in 1 the mountain areas to be transformed into grassland for the seasonal grazing of sheep or 2 into arable land could have reached the maximum level in the past due to anthropic 3 pressure. Today, considering that around 60% is woodland and around 30% is 4 permanently vegetated cover (grassland + shrub and grassland patches), around 90% of 5 the fragile mountain areas is both productive and protective in order to provide a 6 balance between ecological integrity and human requirements. The native wood habitat 7 has been largely modified in the hill areas and almost completely in the low-land areas. 8
In such extreme conditions, where naturalness or the ecological integrity of the original 9 biotope has been modified in order to provide food and space for a more competitive 10 ecosystem component such as human population, the challenge of sustainability is 11 focused on the ability of human beings to maintain the ecological balance in new agro-12 ecosystems. In this frame agro-ecosystem biodiversity and environmentally friendly 13 agricultural practices should compensate for habitat loss or naturalness consumption. 14 In this case, greater H ecotone abundance is a factor of biodiversity which compensates 5 in the low-land area for the loss of habitat of the native biotope. It is interesting to note 6 that the same trend of decreasing ecotone intensity from low-land to mountain areas, 7 found in hedgerows, is also seen for the two components (HC and TC) of arable land. In 8 terms of agricultural sustainability, the permanence of hedgerows next to field crops is 9 recently seen as an important element of biodiversity, biological control of crop pests 10 and diseases, and biological barriers against water eutrophication and air pollution 11
(Millán de la Peña et al., 2003; Bates and Harris, 2009). 12
Unfortunately, this study could present two main limits. The first limit is related to the 13 space characteristics of the analysed system in terms of the type of borders 14 (municipality borders often are disconnected from ecological patterns) and in terms of 15 the absence of other ecoregions (analyzed with the same methodology) for comparison. 16
The second limit is related to the fact that the analysis was carried out in a single period wisdom. Decision makers need instruments in order to achieve sustainable development 14 and in this research useful tools (easy to understand, to communicate, and to repeat) 15
were proposed and applied. 16
In an ecoregion where almost 48% of the territory is mountain, about 30% is hilly and 17 only about 22% is low-land, an important factor for ensuring sustainability in land use is 18 to protect the soil against erosion while keeping water on the spot to operate positively 19 in promoting biomass accumulation and use through agro-forestry practices. Around 20 90% of the mountain area is currently covered with permanent natural vegetation -21 wood, shrub, and grassland -, which guarantees protection against runoff and an 22 adequate stocking of precipitation for ecosystem productivity and services at local and 23 regional level. This situation is an evident outcome of a historical land -managementsystem based on public property -currently more than 70% -of the mountain land. In 1 the hilly areas, where the public land decreases to around 28%, a more balanced patch 2 pattern is achieved by replacing woods and grasslands with agricultural land in 3 moderation. In this area, higher values of habitat patch diversity are a consequence of a 4 mixed agro-sylvo-pastoral use of land which has been established for centuries as a 5 manifest sign of co-evolutionary development between human settlement requirements 6 and provision of ecological services by natural ecosystem components and processes. 7
In the low-lands, there is more anthropic pressure and private property dominates. 8
Agricultural land reaches the maximum extension, with large fields of herbaceous crops 9 (mean patch size in private lands = 6.97 ha) while wood patches account for only 3% of 10 land use. Naturalness consumption in low lands is at its maximum, as well as 11 agricultural productivity which is boosted by more favourable environmental 12 conditions. The maintenance of agroecosystem sustainability in low lands is a matter of Table 2 . Basic metrics (number, area and length) of patch types and linear elements in the ecoregion (pu = public ownership; pr = private ownership; TV = total vegetated) 
